The Orbital Sciences Corporation X-34 vehicle demonstrates technologies and operations key to future reusable launch vehicles. The general flight performance goal of this unmanned rocket plane is Mach 8 flight at an altitude of 250,000 feet. The Main Propulsion System (MPS) supplies liquid propellants to the main engine, which provides the primary thrust for attaining mission goals. Major MPS design and operational goals are aircraft-like ground operations, quick turnaround between missions, and low initial/operational costs. Analyses related to optimal MPS subsystem design are reviewed in this paper. A pressurization system trade weighs maintenance/reliability concerns against those for safety in a comparison of designs using pressure regulators versus orifices to control pressurant flow. A propellant dump/feed system analysis weighs the issues of maximum allowable vehicle landing weight, trajectory, and MPS complexity
Based on the two fault tolerant to a catastrophic event criteria, the vent systems must be analyzed for their ability to prevent the propellant tank pressure(s) from rising above their proof values for the following pressurization system failure scenarios: 1) regulator design with two solenoid flow control valve failures and proper regulator operation, and 2) multiple orifices with two flow control solenoid valve failures.
Two types of analyses are necessary.
The first addresses whether the vent valve responds quickly enough to prevent tank overpressurization, and the second addresses the steady state relief capability of the vent valve.
Vent Valve Response Time
In the event of a pressurization system failure, the vent valve must respond fast enough to prevent time is likely faster, but certainly no better than the 0.5 second lower limit in Figure 4 .
Results
in Figure  4 indicate that only the regulator design avoids LOX tank overpressurization with the current vent system. Even dump line and pneumatic pre-valve in the LOX feedline complete the initial system layout.
The system in Figure 4 functions properly for engine feed, but obviates the purpose of tank compartmentalization when dumping propellants during an abort mission. The dump line connecting forward and aft LOX tanks allows the aft tank to empty before the forward tank, thus resulting in an abort mission LOX residual level qualitatively represented by the shaded region in Figure  4 .
Changes had to be made to the LOX tank design to preserve tank compartmentalization. (2), and 4) determine the DRM3 g-angle required to dump to 95% completion for the above forward LOX and RP-1 tank siphon cut-angles.
LOX Dump/Feed System Layout Revision
To aid in this, and future, analyses, the dependence of propellant residual on g-angle and siphon cut-angle was mapped for each tank. Each map consists of a family of curves representing different cut-angles, and each curve represents propellant residual as a function of g-angle.
As an example, Figure 9 illustrates the forward LOX tank residual map. All of the maps neglect the impact of propellant dropout at the tank outlets on propellant residual mass for both DRM2 and DRM3 cases. Given this g-angle, the minimum DRM2 forward LOX tank residual occurs for a siphon cut-angle of -50°(see Fig. 9 ). Thus, the cases analyzed are for forward LOX tank siphon cut-angles from -50°to -90°. 
Analysis Results

Propellant Dump/Feed
Systems Final Layout Figure  10 illustrates the final layout for the overall propellant dump and feed systems.
The LOX system layout is the same as that in Figure 7 . The aft LOX tank uses dual outlets with dump siphon and feed outlet cut-angles corresponding to -90°and 0°, respectively, to minimize propellant residual in this tank.
The forward LOX tank uses a single siphon type outlet for both dump and feed scenarios.
A siphon cut-angle of-50°was desired to minimize propellant residual mass during engine feed, but manufacturing concerns required a compromise effective cut-angle of -62°. The compromise design reduces dump residual propellant, and comfortably meets usable propellant requirements (ref . Table 1) .
Internally, the RP-1 tank outlets are of the same general configuration as for the aft LOX tank.
External to the RP-1 tank, the dump and feed lines connect to a common line to transfer RP-1 aft in the vehicle. A common line reduces system dry mass and eliminates the need to route separate dump and feed lines to the vehicle aft, but it does so at the expense of two additional pneumatic valves to isolate dump and feed functions and increased complexity in the design and manufacture of the line itself. During normal (DRM 3) dump system operation, the dump exit pressure will be as low as 3 psia. The dump sequence after a DRM 1 may involve exit pressures < 3 psia. The LOX dump exit orifice must provide a pressure drop large enough to maintain the static pressure within the dump system above 13 psia.
Preliminary
GFSSP simulations of the LOX dump
CFD Simulation of Orifice Performance
CFD simulations of the LOX dump system exit include 20" of 3.834" ID tubing and a 3" orifice. The mass flow rate is set at 146 Ibm/sec, p = 71.6 lbrn/ft3 and la = 1.31 Ibm/ft-sec.
The centerline pressure profile predicted by the CFD simulation is presented in Figure 1 .
The pressure profile in Figure I indicates that the dump exit orifice produces a pressure drop of 11.5 psi for a mass flow rate of 146 lbm/sec. The pressure 20" upstream of the orifice is 14.9 psia and the ambient pressure downstream of the orifice is 3 psia.
Orifice Flow Coefficient Determination
The exit portion of the LOX dump system modeled in the CFD simulation was also modeled by GFSSP.
With identical pressure boundary conditions and fluid properties, the flow coefficient of the orifice was adjusted in the GFSSP model until the predicted flow rate and pressure drop matched the results of the CFD simulation.
With an orifice flow coefficient of 1.0750, the GFSSP model predicts a pressure drop of 11.5 psia and a flow rate of 146 Ibm/sec.
LOX Dump System Performance Simulation
GFSSP simulation of the entire dump system were rerun with the corrected orifice flow coefficient.
Results for various operating conditions are presented in Table 2 . The minimum static pressure within the dump system is the exit pressure plus the orifice pressure drop. The results presented in Table 2 indicate that even at very low exit pressures, the orifice will maintain the static pressure within the dump system above 14 psia.
Preliminary
Draft
Under normal (DRM3) dump procedures, the minimum dump exit pressure will be -3 psia. Table  2 indicates that, under these conditions, the minimum static pressure within the dump system will be 16.5 psia.
This pressure will eliminate vaporization for LOX temperatures as high as 164°R.
The final dump exit orifice specifications are given in 
